INTRODUCTION
============

"Hepatoid cancer" refers to an extrahepatic neoplasm with hepatocellular differentiation.^[@R1]^ A wide histological spectrum of extrahepatic carcinomas produce alpha-fetoprotein (AFP) and other peptide hormones. AFP-producing gastric cancer (AFP-GC) is rare and is classified as a special subtype of gastric cancer (GC) called hepatoid adenocarcinoma (HAC). HAC is characterized by aberrant hepatocellular differentiation and it occurs in extrahepatic organs, especially gastrointestinal tract organs, such as the stomach, esophagus, biliary tract, and pancreas. Hepatoid adenocarcinoma of the stomach (HAS) has unique clinicopathological features; it is a rare type of primary GC that exhibits both adenocarcinomatous and hepatocellular differentiation. It is prone to lymph node and liver metastases, and thus, it has an extremely poor prognosis. Because HAS is rare, it is not widely recognized in the clinic. Additionally, it usually produces large amounts of AFP and is sometimes accompanied by hepatic metastasis. A previous study has demonstrated that these tumors are often overlooked or misdiagnosed as hepatic carcinoma.^[@R2]^ Therefore, HAS can be easily missed, leading to delayed diagnosis and treatment, contributing to the poor prognosis. However, most previous studies have been single case reports, and few studies to date have used large samples. In addition, because HAS is a rare type of GC, it is difficult to evaluate in randomized controlled trials (RCTs). Thus far, no studies have investigated the associations between the clinical characteristics and prognosis of HAS. Our study explored the associations of the different clinical characteristics with age, the serum AFP level, and patient survival using data from the four largest medical databases in China (CBM disc, HowNet, Wanfang, and VIP data resource systems) and PubMed; these databases are searchable and contain all published and unpublished medical papers, including doctoral theses, masters theses, and certain conference papers. Moreover, we sought to increase awareness of this disease among physicians to improve early diagnosis and treatment and ultimately to improve patient prognosis.

METHODS
=======

Data Collection
---------------

In the present study, searches were performed of related reports published between June 1987 and February 2016 in the four largest medical databases (CBM disc, HowNet, Wanfang and VIP data resource systems) in China and PubMed in Chinese using the keywords "hepatoid adenocarcinomas of the stomach," "alpha-fetoprotein," and "China." We identified 131 related reports, including 124 case reports containing 1 to 28 clinical cases each, 5 reviews containing references to secondary literature and summarizing previous literature, and 2 postgraduate Master\'s theses. The case reports included descriptions of clinical manifestations as well as diagnostic (results of imaging examinations, laboratory tests, and histologic examinations) and treatment information. We obtained the following information from the 124 case reports. A total of 21407 GC cases were reported across 11 case reports, and 175 HAS patients were identified among these cases. Therefore, the HAS/GC ratio was 0.82% (175/21407, Table [1](#T1){ref-type="table"}). Further, a total of 621 HAS patients were included in the 124 case reports; among them, 17 case reports, which included 104 HAS patients, were eliminated because 5 were from the same center and 12 did not provide patient age or sex. A total of 517 HAS patients were included in the remaining 107 case reports (405 men and 112 women; male/female ratio of 3.62:1); among these patients, 337 from 45 case reports were eliminated because their serum AFP levels were not included or were unclear or AFP immunohistochemistry analyses were not performed. Finally, a total of 180 HAS patients from the remaining 62 case reports were included and analyzed in this study (Figure [1](#F1){ref-type="fig"}). This study was approved by the institutional review board of Taishan Hospital of Shandong Province. However, ethical approval was not required because this study was based on previously published case reports.
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Statistical Analyses
--------------------

Statistical analyses were performed using SPSS 19.0 (IBM, Armonk, NY). All of the variables were expressed as the median and range. Kruskal--Wallis ANOVA was used for comparisons among three groups, and the Mann--Whitney *U* test was used for comparisons between two groups. Survival analyses were performed using the Kaplan--Meier method, and differences between survival curves were examined with the log-rank test. Differences associated with a *P* \< 0.05 were considered significant.

RESULTS
=======

The 180 HAS patients included 139 men and 41 women. The median age at diagnosis was 61.0 years. The chief complaint at the time of the first diagnosis was a stomach ache in 71 patients, melena in 39, epigastric discomfort in 31, abdominal distension in 13, increased AFP in 11, vomiting in 15, hematemesis in 8, nausea in 7, emaciation in 5, anorexia in 4, sour regurgitation in 4, abdominal masses in 3, and anemia, diuresis, polyuria, and polyphagia in 1 patient each. The distribution of the other clinical data at first diagnosis in the 180 HAS patients is presented in Table [2](#T2){ref-type="table"}. The disease locations were as follows: 96 (54.86%) patients had tumors in the antrum of the stomach (including 88 patients with tumors in the antrum alone; 4 with tumors in the antrum and corpus of the stomach; 3 with tumors in the antrum and angle of the stomach; and 1 with tumors in both the cardia and antrum of the stomach); and 79 (45.14%) had tumors in nonantrum areas of the stomach (including 41 patients with tumors in the corpus alone; 14 with tumors in the fundus alone; 12 with tumors affecting only the cardia of the stomach; 7 with tumors affecting the angle of the stomach alone; 4 with tumors affecting both the corpus and angle of the stomach; 3 with tumors in the corpus and fundus of the stomach; and 1 with tumors in the fundus and cardia of the stomach). The distribution of the other clinical data is presented in Table [2](#T2){ref-type="table"}. The unequivocal lesion types in 153 patients were as follows: 92 (60.13%) patients had tumors of the ulcerative type, 35 (22.88%) had tumors of the upheaval type, and 26 (16.99%) had tumors of a mixed (ulcerative and upheaval) type. The unequivocal degrees of differentiation of the histological-pathological tumors of 95 patients were as follows: 79 were classified as poorly differentiated, 14 were classified as moderately differentiated, and two were classified as highly differentiated. A total of 166 patients had an unambiguous serum AFP level, including 140 positive (AFP \> 40 ng/mL) patients and 26 negative (AFP ≤ 40 ng/mL) patients. A total of 86 patients received immunohistochemical staining for AFP, including 75 AFP-positive patients and 11 AFP-negative patients. Among these patients, 94 received serum AFP detection alone (52.22%); 72 underwent both serum and immunohistochemical AFP analyses (40.00%); and 14 underwent AFP immunohistochemical detection alone (7.78%). A total of 86 of the patients who were evaluated via immunohistochemistry were found to be AFP positive; thus, the AFP-positive rate was 87.21% (75/86) and the AFP-negative rate was 12.79% (11/86). A total of 133 patients had unequivocal metastases; 100 had lymph node and distant metastases, including 67 with liver metastases, 7 with widespread celiac metastases, 4 with lung metastases, 2 with pancreatic metastases, 3 with cerebral metastases, 1 with spleen metastasis, 1 with diaphragm muscle metastasis, and 1 with ovarian metastasis. In addition, 14 patients had histopathologically confirmed metastases in only the lymph glands around the stomach. Metastases in distant lymph nodes and remote organs were confirmed using magnetic resonance imaging, computed tomography, or ultrasound. A total of 33 patients were histopathologically confirmed to have no metastasis. In addition, 38 patients were misdiagnosed, including 17 with HAS who were misdiagnosed as having liver carcinoma and 21 who were misdiagnosed as having GC. Of these patients, two had unique manifestations: one HAS patient had neuroendocrine carcinoma^[@R14]^ and another exhibited aldosterone secretion.^[@R15]^ A total of 93 patients received treatment for the disease; 72 patients received surgery, including 59 treated with radical surgery and 13 treated with subtotal gastrectomy, with or without chemotherapy. In addition, 21 patients received nonsurgical therapy, including 16 treated with conservative therapy (15 patients were treated with chemotherapy only and 1 patient was treated with microwave therapy only), and 5 patients withdrew from treatment. The survival times of 95 patients were clearly reported. The 3-year survival rate was 7.36% (7/95), and the median survival time was 10 months.
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Comparisons of the associations of sex, disease location, the gastroscope lesion type, the presence of metastasis/liver metastasis, the serum AFP level, the differentiated degree, and the therapy received with age, the serum AFP level, and the survival time among the groups are presented in Table [3](#T3){ref-type="table"}. The age of the men was significantly higher than that of the women (*P* = 0.004). No significant differences in the association of sex or the serum AFP level with the survival time were observed among the groups (*P* = 0.091 and 0.256, respectively). The serum AFP levels of the participants with antral disease were significantly higher than those with nonantral disease (*P* = 0.001). No differences in age or survival time were found based on tumor location (*P* = 0.776 and 0.819, respectively). The median serum AFP levels and survival times significantly differed among the three lesion types (*P* = 0.001 and 0.019, respectively). The serum AFP levels of the participants with ulcerative-upheaval-type tumors and purely ulcerative tumors were significantly higher than those with upheaval-type tumors (*P* = 0.000 and 0.017, respectively); in addition, the serum AFP levels of the participants with ulcerative-upheaval-type tumors were significantly higher than those with ulcerative-type tumors (*P* = 0.019). Further, the survival time of the participants with ulcerative-upheaval-type tumors was significantly higher than those with upheaval-type tumors (*P* = 0.000). However, no significant differences in ages were found among the three groups (*P* = 0.231). The serum AFP levels of the participants without metastasis or liver metastasis were significantly lower than those with metastasis or liver metastasis (*P* = 0.000 and 0.000, respectively), and their survival time was significantly longer (*P* = 0.000 and 0.001, respectively); however, no differences in patient age were found between these two groups (*P* = 0.288 and 0.491, respectively). Further, no significant differences in age or survival time were found between the patients with AFP levels of ≤40 ng/mL and those with AFP levels of \>40 ng/mL (*P* = 0.301 and 0.141, respectively). In addition, no significant differences were observed in patient age, the serum AFP levels, or survival time among the patients with differing degrees of tumor differentiation (*P* = 0.123, 0.933, and 0.931, respectively). Finally, the survival time of the participants treated with surgery was significantly longer than those treated using nonsurgical methods (*P* = 0.046); however, no significant differences in the serum AFP level or age were observed between these two groups of patients (*P* = 0.096 and 0.199, respectively).
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The results of survival analysis performed using the Kaplan--Meier method revealed that the survival time was not associated with sex (chi-square = 1.203, *P* = 0.273), the disease location (chi-square = 0.029, *P* = 0.864), the gastroscope lesion type (chi-square = 1.875, *P* = 0.392), the serum AFP level (chi-square = 1.106, *P* = 0.293), the differentiated degree (chi-square = 0.007, *P* = 0.932) or the therapy received (chi-square = 3.309, *P* = 0.069). However, the survival time was significantly associated with the presence of metastasis (chi-square = 9.936, *P* = 0.002) and liver metastasis (chi-square = 4.375, *P* = 0.036).

DISCUSSION
==========

A previous study reported that 10 (0.22%) out of 4563 patients with primary GC were ultimately diagnosed with HAS.^[@R16]^ The median age at diagnosis of the patients in this previous study was 65.5 years.^[@R2]^ This type of carcinoma often occurs among the elderly, and it most commonly develops in the antrum.^[@R17]^ A large tumor in the upper abdomen associated with GC might be a clinical manifestation of an AFP-producing hepatoid gastric adenocarcinoma.^[@R18]^ Most HAS cases present as Borrmann\'s type III fungating lesions with purple, berry-like surfaces.^[@R16]^ In the present study, the constituent HAS/GC ratio was 0.82%. In addition, the male/female ratio was 3.62:1, and the median age at diagnosis was 61.0 years. The major manifestations at initial diagnosis were stomach ache, melena, epigastric discomfort, abdominal distension, an elevated AFP level, vomiting, etc. The most common disease location was the antrum of the stomach, and most gastroscopic lesions were of the ulcerative type. Special attention should be paid to patients with specific manifestations of HAS, such as neuroendocrine carcinoma,^[@R14]^ aldosterone secretion,^[@R15]^ and chronic liver disease,^[@R19]^ to prevent misdiagnosis and mistreatment.

A recent study^[@R3]^ has revealed that AFP-GC and HAS have more aggressive behaviors than common GC. In addition, HAS tumors display two major histopathological patterns:^[@R17],[@R20],[@R21]^ hepatoid-like foci of hepatocellular differentiation and adenocarcinomatous differentiation. The clinicopathological features of HAS, a special type of carcinoma that histologically resembles hepatocellular carcinoma (HCC), include the secretion of a large amount of AFP into the serum, which is associated with the clinical prognosis.^[@R22]^ Giant cells and mitotic figures are frequently found in the hepatoid areas.^[@R17]^ Tumor cells in both the hepatoid areas^[@R16],[@R20],[@R23]^ and glandular areas^[@R20]^ might exhibit positive immunoreactivity for AFP. The detection of hepatoid differentiation in tumor cells might also be associated with immunohistochemical positivity for alpha-1 antitrypsin,^[@R21]^ alpha-1 antichymotrypsin,^[@R21]^ SALL4,^[@R23]^ HepPar-1,^[@R23]^ and glypican 3.^[@R23]^ Tumor cell cytoplasm^[@R17],[@R24]^ and hyaline globules^[@R24]^ have been previously shown to be immunohistochemically positive for AFP. Most cases of HAS express large amounts of AFP. Because this disease is rare and is associated with various cytoplasmic types, the true AFP status might not be identified upon first presentation.^[@R25]^ Hence, HAS can be easily misdiagnosed as either HCC or GC based on the findings of general pathological examination, and the serum AFP level should be carefully considered. An elevated serum AFP level might reflect focal hepatoid differentiation only in the metastatic lymph nodes; this condition requires extensive evaluation of metastatic tumors present in regional lymph nodes as in the case of AFP-producing GC.^[@R26]^ Hence, AFP testing is important for the early detection and diagnosis of HAS.^[@R27]^ Although AFP measurement alone should not be used to screen for this type of cancer,^[@R28]^ HAS can be diagnosed using both immunohistochemistry and serum AFP level measurements.^[@R29]^ Notably, a recent study has reported the case of a 69-year-old patient with HCC that was initially mistaken for HAC who had a favorable outcome after neoadjuvant chemotherapy.^[@R30]^ Hence, HCC and HAC can be confused when diagnosing patients. To avoid the misdiagnosis and mistreatment of patients, a strategy for the differentiation between HCC and HAC should be established because early diagnosis and treatment are keys to improving and prolonging the lives of patients with both of these diseases. Recent studies have demonstrated that FNAB and transhepatic mass biopsy can be used for patient diagnosis.^[@R25],[@R31]^ If the results of immunohistochemical staining of transhepatic biopsy tissues and gastric samples are coincident, then the tumor should be diagnosed as HAS, regardless of AFP production compared with the histology of GC.^[@R31],[@R32]^ The present study revealed that 140 of the 166 patients (82.96%) who underwent serum AFP detection and were found to have a serum AFP level of \>40 ng/mL were AFP positive, with an immunohistochemical AFP-positive rate of 84.34%. The presence of disease in the antrum was more common than in other regions of the stomach. Furthermore, the ulcerative type, with or without upheaval, was more common than the purely upheaval type based on gastroscopy findings among the patients diagnosed with HAS. The detection of serum AFP and immunohistochemical AFP staining are useful for diagnosing HAS. Physicians should be particularly aware of GC patients who have a high serum AFP level. Increasing recognition of the clinical and pathological characteristics of HAS is important, especially among patients without hepatopathy or multiple intrahepatic lesions. Whenever a patient presents with a markedly increased serum AFP level before or after surgery, thorough gastroscopic examination should be performed, and immunohistochemical analysis should be conducted to determine the AFP level. AFP monitoring is crucial for assessing therapeutic efficacy and for predicting tumor relapse or metastasis.

The prognosis of advanced-stage HAS is poor. Previous studies have confirmed that the prognosis of HAS is poorer than that of AFP-GC. In addition, early HAS detection is associated with a high risk of liver metastasis.^[@R33]^ Two previous studies have reported 3-year HAS survival rates of 17.2%^[@R4]^ and 22.6%,^[@R22]^ and the median survival time was 6 months in one study^[@R22]^ and 17 months in another.^[@R13]^ In the present study, the 3-year survival rate was 7.36% (7/95) and the median survival time was 10 months among the 95 patients with an unequivocal survival time. Furthermore, subgroup analysis revealed that survival time was associated with metastasis (especially liver metastasis) and an increased serum AFP level before surgery. In addition, the results of survival analysis conducted using the Kaplan--Meier method showed that the survival time was significantly associated with metastasis and liver metastasis. However, survival was not associated with patient sex, disease location or type, the serum AFP level, the degree of differentiation, or the type of therapy received. The statistical results might have been affected by the small sizes of the subgroups for the degrees of differentiation and types of therapy received; thus, larger sample sizes should be used in sub-sequent studies. Thus far, the main reasons for the poor prognosis of HAS have been reported to likely include the high lymphatic (54.8%) and distant (25.8%) metastasis rates before surgery,^[@R22]^ particularly the early^[@R34],[@R35]^ and frequent^[@R2],[@R17]^ development of liver metastasis and portal vein tumor thrombus (PVTT).^[@R3]^ HAS is more aggressive than other types of adenocarcinoma^[@R3],[@R29]^ because it begins as an aggressive clone featuring extensive loss of heterozygosity (LOH) and high fractional allelic loss.^[@R32]^ HAS tumors that grow in a solid pattern are particularly aggressive.^[@R23]^ Hence, HAS behaves as an aggressive type of adenocarcinoma.^[@R21],[@R24],[@R25]^ In addition, a report of HAC cases has demonstrated that this type of cancer is hypervascular and grows rapidly and that it can result in the spontaneous rupture of metastatic liver lesions.^[@R36]^ All of the above-mentioned factors can result in a poor prognosis.^[@R19],[@R22],[@R34],[@R35]^ Notably, improving disease recognition at initial presentation is crucial for promoting early and appropriate therapy.^[@R25]^ In fact, long-term survival has been achieved among patients with this disease via salvage surgery after chemotherapy.^[@R35]^ Radical surgery and chemotherapy can also positively affect clinical outcome,^[@R21]^ and chemotherapy alone might provide some benefit.^[@R16],[@R21]^ In addition, transarterial embolization might be a feasible option for the treatment of ruptured tumors.^[@R36]^ Therefore, appropriate treatments should be administered as soon as possible. Our study has certain limitations. First, it was a retrospective evaluation of published case reports; the clinical data are incomplete, and the cases included in subgroup analyses are different. The statistical outcomes might have been affected by these differences, as well as the different types of therapy received by the patients. Therefore, larger sample sizes are needed to verify our findings.

CONCLUSIONS
===========

HAS is a rare disease with a poor prognosis that primarily occurs in older individuals. It is more common in men than in women. It primarily presents in the antrum of the stomach and is generally ulcerative. Patient survival is significantly negatively correlated with the likelihood of metastasis and liver metastasis. Hence, early diagnosis is the key to improving and prolonging patients' lives.

Abbreviations: AFP = alpha-fetoprotein, AFP-GC = alpha-fetoprotein-producing gastric cancer, GC = gastric cancer, HAC = hepatoid adenocarcinoma, HAS = hepatoid adenocarcinoma of the stomach, HCC = hepatocellular carcinoma, LOH = loss of heterozygosity, PVTT = portal vein tumor thrombus.
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